In this study we developed a solar model to estimate hourly solar radiation on horizontal surface using dry bulb temperature increase, relative humidity and total cloud cover. The developed solar model for Ulaanbaatar, Mongolia was verified by comparing the estimations with observational data of 2015. Estimated hourly global solar radiation was separated into direct normal and diffuse components with Gompertz function after examining its applicability for Ulaanbaatar. The Typical Meteorological Year is developed for Ulaanbaatar, Mongolia using observational data except solar data which is estimated with the developed solar model for the period of 2006 -2015 in this study. The TMY contains hourly data totaling ten main weather elements such as dry bulb temperature, relative humidity, humidity ratio, global solar radiation on horizontal surface, direct normal solar radiation, diffuse radiation, wind direction, wind speed, total cloud cover and atmospheric pressure.
INTRODUCTION
Building simulation is one of the main tools for building energy and environmental analyses. Energy performance in buildings is simulated with computer programs which enable architects and engineers to make energy conscious design while maintaining comfortable indoor environments and energy managers to monitor energy efficiency in buildings. Weather data is one of the main general information for building simulation programs.
Since most of the programs simulate building energy dynamically they require hourly weather data that should be locally specific.
The Typical Meteorological Year (TMY) is one kind of weather data used for building simulations. Although TMY database was developed for Japan 1) , USA 2) , and China 3) , but very few studies have been carried out for Mongolian locations mainly because:
(1) energy simulation programs had not been introduced until recently; (2) purchase of weather data is prohibitevily expensive for researchers; (3) weather data is not usually recorded hourly but in three-hour intervals. Zhang et al. Using the solar model developed in this study and
(1) energy simulation programs had not been introduced until recently; (2) purchase of weather data is prohibitevily expensive for researchers; (3) weather data is not usually recorded hourly but in three-hour intervals. Zhang et al. relative humidity, humidity ratio, global solar radiation on horizontal surface, direct normal solar radiation, diffuse radiation, wind direction, wind speed, total cloud cover and atmospheric pressure.
The Typical Meteorological Year (TMY) is one kind of weather data used for building simulations. Although TMY database was developed for Japan 1) , USA 2) , and China 3) , but very few studies have been carried out for Mongolian locations mainly because: wind velocity and cloud cover data is used for this study but the total cloud cover data is replaced with the data obtained from the IRIMHE due to its high reliability.
DEVELOPMENT OF SOLAR MODEL AND TYPICAL
The three-hour data in the ISD database was interpolated into hourly values because most building simulation programs require hourly weather data. Dry bulb temperature was interpolated with the double Fourier series 6) . The first Fourier series interpolates dry bulb temperature for the day time. The
Fourier series assumes data in the beginning of a day is equal to that at the end of that day which was not always true in the case of dry bulb temperature. The second Fourier series was conducted to interpolate temperature data in the connection period of two consecutive days starting from 2pm of a previous day through 11am of a next day. 
MODEL FOR ESTIMATING SOLAR RADIATION

Estimation of Global Horizontal Solar Radiation
Comparing with other elements solar radiation is observed at When solar radiation is absorbed by the earth, the ground temperature will rise. Heat is transmitted from the earth surface to the air through convection and as a result air temperature Correlation between relative humidity and solar radiation was examined for Chinese locations in previous studies 8) . Fig.3 shows the relationship between observational solar radiation and relative humidity for Ulaanbaatar using observational data of 2015. The correlation coefficient is equal to 0.42 therefore relative humidity was chosen as another parameter. Even though relative humidity is not absolutely independent to air temperature, it was selected as one of the parameter to improve preciseness of the model. Using extraterrestrial solar radiation by equation (1) and dry bulb temperature increase, relative humidity, total cloud cover as parameter we developed a solar model as shown in equation (2) for Ulaanbaatar: Relationship between estimated solar radiation using the equation (2) and observed solar radiation for the year of 2015 is presented in Fig.6 . The RMSE is 69W/m 2 , which implies the global solar radiation on the horizontal surface can be estimated with limited errors.
In order to see improvement of the model developed in this study, the model developed for Beijing, China to estimate solar radiation was examined against observational solar data from 2015. Fig.7 shows the correlation between global radiation for observations and estimations by the Beijing model. The RMSE is 73.5W/m 2 , which is 6.5% large compared with that by equation (2) .
A comparison of the estimated solar radiation with equation (2) and the observed values for several sample days is shown in Fig.8 . The hourly values agree with estimations by equation (2) well.
Accumulated monthly estimates and observations of global solar radiation are compared in Fig.9 , where the two bars agree with each other in most of the months throughout the year (2) are slightly larger than the estimation.
Separation of global horizontal solar radiation into direct normal and diffuse components
Global horizontal solar radiation should be separated into direct normal and diffuse components for building simulations.
One of the authors developed a method to separate global horizontal solar radiation into direct normal and diffuse components using Gompertz function in a previous study 12) as shown in equations (3) - (6):
where, � � is the clearness index which means that the ratio of radiation on the ground surface to the radiation above the We consider Gompertz function can be used in this study to separate global radiation into direct normal and diffuse components for Ulaanbaatar due to high correlation and small errors.
DEVELOPMENT OF TYPICAL METEOROLGICAL YEAR
Selection of Typical Meteorological Months
Typical meteorological year (TMY) consists of 12 typical meteorological months (TMMs) where each element is close to The selection of TMMs followed the method by comparing the standard derivations of each element developed in a previous study 6) . Dry bulb temperature, dew point temperature, wind velocity and global solar radiation on horizontal surface are weighted according to their importance for the selection procedure. Weighted sum was estimated according to NCDC guideline 2) . The selected twelve TMMs are shown in Table 2 along with the years selected from 10 years.
Data Smoothing between Typical Meteorological Months
Since the TMY consists of typical months that are selected from different years, there might be discontinued gaps for Observational direct solar radiation on horizontal surface (W/m 2 ) Table 2 Comparison of a 10-year average and monthly average of TMMs Fig.11 Format of the TMY weather file for Ulaanbaatar temperature data between the end of a month and the beginning of next month. This was corrected by equation (11):.
where, � � is the temperature to connect neighboring months smoothly ( 0 C); � � � is the temperature of the end date of the previous month ( 0 C); � � �� is the temperature of the beginning date of the following month ( 0 C).
Dry bulb and dew point temperatures have become continuous series data after connecting them smoothly using equation (11) .
The developed TMY consists of hourly data of 10 weather elements such as dry bulb temperature, relative humidity, humidity ratio, global solar radiation on horizontal surface, direct normal solar radiation, diffuse radiation, wind direction, wind speed, total cloud cover and atmospheric pressure. The TMY containing 8760-hour data is saved in a text file. Format of the TMY file is shown in Fig.11 .
CONCLUSIONS
The main conclusions from this study are:
Solar radiation on horizontal surface was modelled as equation (2) The TMY for other locations in Mongolia will be developed as the next step of this study. 
